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CHAPTER I 
INTRODUCTION 
"When the well's dry, we know the worth of water." 
Benjamin Franklin 
It's hard to imagine the well running dry in the 
United States. Over 4.2 trillion gallons of water, or 
20,000 gallons for each American, will fall, on the average, 
over the forty-eight contiguous states each day in the form 
of rain, snow, sleet, or hail. This averages about thirty 
inches of precipitation per year. Of this thirty inches of 
precipitation, twenty-one . inches either evaporate from water 
and land surfaces, or transpire from .growing vegetation into 
the atmosphere. 
The other· nine inches accumulate in surface and 
underground water bodies. This is the renewable water supply 
within the hydrological cycle and is the only water avail-
able for man's use. Although the renewable supply has not 
changed much in the last forty years, the population of the 
United States has grown by about sixty-two percent. Hence, 
man's withdrawal against this supply has ·almost tripled. 1 
The biggest users of water are the rural people. 
Agriculture is the largest .user, not only in rural areas but 
i~ the Nation as a whole. Forty-seven percent of the water 
2 ' 
used in the United States is by the agricultural sector, 
forty-four percent is by the industrial sector, and nine 
percent is by the domestic sector. But there are two forms 
of water use; water consumption and water return. Water con-
sumption differs from water return in that wa·ter which is 
consumed is not recycled by the user to its original source. 
Agriculture is by far the largest water consumer with about 
eighty-five percent of the total water consumption in the 
United States. 2 
Water is the lifeblood of agriculture. While many 
farmers and ranchers receive an adequate supply of water 
from natural precipitation cycles, others do not receive an 
adequate supply and must depend upon irrigation to supple-
ment the water supply which is available. 
The spatial distribution of surface and ground water 
supplies, therefore, poses many management problems. In the 
arid West, irrigation may be the only means of securing a 
high crop production and, therefore, a reliable income. In 
the Central Plains where the average annual precipitation is 
greater, the precipitation patterns are erratic and irri-
gation may .be necessary during the dry periods. Hence, the 
greatest demand for irrigation occurs in regions . where water 
is in shortest supply and may lead to water shortages. 
Surface water depletion can be easily observed but 
ground water is a mystery .to many people. Man is much more 
famili ar with surface water than ground water because he can 
3 
directly observe the spatial distribution and quantity of 
the surface water regime. He is usually unaware of the 
temporal and spatial variations in both the quantity and 
quality of ground water because it is not directly in . con-
tact with his senses. Therefore, although the layman may 
have a basic understanding of the occurrence of moisture in 
the soil veneer and . its relationship to precipitation or 
irrigation, he has virtually no innate understanding of the 
movement of water through the soil into the underground water 
reservoirs . This makes it difficult to understand the 
physical condition of this resource, along with the technical 
and legal problems associated with its development. 3 
The devel~prnent of ground water supplies is very 
important for the economic growth of South Dakota. In 1955 
South Dakota had the highest ratio of water use from ground · 
water sources of any state, about seventy-six percent. Since 
it is such an important source . of water, South Dakota citizens 
should know wh~re ground water is found, why it is there, 
how much of it there . is, who is using it, and what restrictions 
are placed on th~t use. 4 
The purpose of this thesis is to collect available 
data concerning the previous questions and present it in a 
manner \*ihich can be interpreted by the layman. The thesis 
will cover the natural and artificial factors which deter-
mine the quantity and the location of shallow ground water, 
the proper planning methods for the development of this 
resource for agricultural uses, and the laws that govern 
this development. The geographical area included in this 
thesis is the portion of the Big Sioux River Basin located 
in Brookings and Hamlin Counties in South Dakota. This study 
area was chosen because it contains a vast supply of shallo\v 
grourid water which is easily accessible for development, 
resulting in a dramatic increase in irrigation over the past 
ten years. This has led to a strong concern by some non-
irrigating farmers and city officials in this region that 
irrigation is depleting the shallow ground water supply. 
This thesis will determine the occurrence of irri-
gation in the study area and the fluctuations of shallow 
ground water levels according to observation well measure-
ments in the vicinity of the heaviest concentration of irri-
gation • . Observation well measurements reveal the following 
conditions of aquifers: 
1. The variation in the depth of the water levels in 
localized areas duri~g periods of maximum withdrawals of 
water in the particular are~; 
2. The changes in overall water levels of the 
aquifer during an early spring to late fall season, and, 
3. The changes in aquifer levels, if any, over a 
5 
period of years~ 
The scope of this stuuy will be limited to the 
presentation rather than the analysis of data# concerning 
any specific relationship between ground water levels and 
irrigation occurrence. But general observations will be 
presented to suggest a directton for ftiture studies in· 
shallow ground water development. 
Definitions · 
Aquifer--An underground formation such as gravel, 
sand or bedrock that will yield water. 
Bedrock--The strata lying under soils and other un~ 
consolidated deposits. It is frequently made up of sand-
stone or limestone as well as impervious layers of shale or 
quartzite. 
Outwash Deposits--Sand and gravel once carried by 
water from the melting ice of glaciers and deposited in 
layers of varying thicknesses • . The best aquifers in South 
Dakota are usually in outwash deposits. 
5 
Shallow Outwash Aquifers--Outwash deposits result-
ing from ice melt of the last glacier. Usually found along 
present major streams. These are covered by a thin blanket 
of fine sands and clays which will n_ot yield la_rg·e quantities 
of water.e 
Beneficial Use--Any use of water that is reasonable 
and useful and beneficial to the appropriator and at the 
same time is con~istent with the interest of the public and 
the best utilization of water supplies. 7 
Riparian System--legal rights in water arise from, 
and only from, ownership of land which adjoins or underlies 
a stream. Land of this type is called "riparian" land. 
Appropriation· System--land ownership is not relevant 
6 
to the acquisition of water rights. A water right is obtain-
S ed by diverting water and applying it to a beneficial use. 
Aquifer Recharge--The water that enters the aquifer 
from any source. 
· Safe Wi.thcirawals and Mining--When the amount of 
water taken from an aquifer in some specified period of 
time appro;<imately equal.s the amount of recharge, the limit 
of safe withdrawal has been reached. Any ~~ount in excess 
of this may be referred to as "mining" the aquifer. 
Cone of Depression--The portion of an aquifer that is 
dewatered as a result of pumping. 
Drawdown--The distance that the water is lowered in 
a well or at any point in the~uifer . as a result of pumping. 
Static Water Level--The water level in an unpumped 
"f 9 aqu1. .er .. 
Unconfined Aquifer--an aquifer which is not separated 
from the soil surface by a layer of rock through which water 
cannot penetrate. 
7 
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CHAPTER II 
PLANNING FOR RURAL GROUND WATER DEVELOPMENT 
'rhe development of ground water resources for agri--
cultural uses may create problems in the physical and cultural 
environments of a region if improper planning leads to mis-
management of the development. Therefore, for any type of 
ground water development to be successful, there must be a 
planning process which integrates all possible users in ~he 
study and implementation of the best possible development 
techn.iques. 1 
Three major stages in the planning process are the 
descriptive, appraisal, arid developmental stages.. The 
descriptive stage in ground water resource development plan-
ning includes such natural resource data as soil surveys, 
various maps, and hydrological investigations to determine 
the physical charact.eristics of an area. The appraisal 
stage involves the integration of technological and environ-
mental data to determine the resource potential of the area. 
The developmental stage involves the actual production of a 
water supply from the resource potential. 2 
This thesis will deal primarily with descriptive 
data concerning ground water levels of the Big Sioux Aquifer 
in Brookings and Hamlin Counties, South Dakota. Ground 
water occurrence is universally determined by the relation-
ship between climatic, hydrologic, geologic, topographic, 
ecologic , and soil forming factors which together forms · an 
integrdted and dynamic system. The general -potential of an 
area for ground water development can be deterrnined by an 
appraisal of these factors and their effect on the local 
. 3 ground water reg1me. 
Qualitative methods may be required to provide 
descriptive data when ·quantitative data is either outdated 
or has not been recorded. But there is no suitable sub-
stitute for long-range quantitative data collection programs 
with the accuracy to determine the optimum · development of a 
4 ground water supply. 
Quantitative data collection within the descriptive 
planning phase must include an inventory of all pertinent 
data which have been previously recorded, · but are scattered 
among various state and local agencies. This data should 
10 
include publi~hed and unpublished geological, hydro-geological 
and geophysical papers and reports, geological, hydrological, 
topographic, and .soils maps, and meteorologic and observation 
well data. 
Field reconnaissance programs should then be initi-
ated to determine the parameters of the ground water regime 
for which the existing data must be constantly updated or 
for which ther e are no existing data. This method includes 
both surface and subsurface investigations. 
Surface investigations, employing such measuring 
techniques as remote sensing and geophysics~ are necessary 
for the evaluation of the most efficient and economical sites 
for observation and test well drilling programs. These 
investigations are more economical than subsurface investig-
ations because the equipment used in geophysical techniques 
is more mobile and iess costly, and the information provided 
by remote sensing techniques can be acquired from federal 
agencies at ~ reasonable rate. 
The two most popular gee-physical methods are 
electrical resistivity and seismic measurements. Electrical 
resistivity is the most widely used method . because of the 
economic and operating efficiency of the instruments used. 
This geophysical method is based ori the principle that 
electrical current is subject -to various resistivities of 
underground water-bearing formations such as material den-
sity and porosity, as well as the temperature; quantity, and 
quality of the water itself. 
Seismic methods are based on the principle that 
when a small shock is created at the earth's surface, seismic 
waves will be refracted or reflected· at any interface where 
a change in velocity occurs. Seismic wave velqcities are 
controlled by the different elastic qualities of the rock 
formations through which they pass. 5 
Airborne thermography is a remote sensing technique 
which measures surface temperature variations. Surface 
11 
12 
temperatures are not only controllec by meteorological 
variations and surface thermal properties# but also by _under-
lying soil materials. Because a shallow aquifer has the 
ability to store and transfer heat~ _thermal detecting · tech-
niques can locate shallow ground water supplies. It also has 
been determined that aquifer thickness and film density show 
a signif icant correlation, along with an equally strong 
relationship between °thermalemittance variations ·and depth 
of water up to four meters ... 6 
Subsurface investigations are usually secondary- :o 
surface investigations~ occurring after sites with the 
greatest potential have been identified. These methods are 
more expensive bec~use they involve the drilling of wells 
which may be used for pumping or strictly for the observation 
of ground water characteristics. Experienced drillers are 
also necessary for the most efficient development of ground 
water supplies. Drilling logs · should be obtained for both 
production and test wells to supplement the data base for 
. 7 
well design and development. 
The descriptive data presented in this thesis will 
be basically an inventory of data gathered by other agencies 
which is pertinent to the study of ground water levels in 
Brookings and Hamlin Counties. Additionally, natural and 
artificial factors which are universal in their effect on 
shallow ground water parameters will be applied to discus-
sion of ground water levels in the study area. 
13 
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3 5 ~ 5 8 S SOUT DA OTA ST TE 
It is hard to picture underground 
water. Most people have a fanciful notion 
of an underground lake, or a murkey stream 
moving along slowly in dark underground 
_channels scarcely high enough to stand up-
right in. There ARE such underground 
streams in cavernous limestone or lava 
rock, but they are not common. Mostly, 
ground water is just the water filling 
pores or cracks in the rocks. 
But if ground water is not a river 
or lake as we think of them on the surface, 
how is it carried in the earth? Why doesn•t 
it soak through the earth? It does not 
because the rocks at great depths lack 
openings--pores or cracks--through which 
water can move, or if they have openings 
they are too tightly packed to let water 
move through freely.3 
Unconfined ground water is water which is not 
separated from the land surface by a confining layer of 
impermiable bedrock, a solid layer through which water can-
15 
not freely pass under natural conditions, and is, · therefore, 
freely connected to the atmosphere. It is stored in an 
aquifer, an underground formation composed of moderately to 
highly permiable rock materials. The upper surface of the 
water is an aquifer, · the phreatic surface or water table, 
is more subject to meteorological variations in an unconfined 
aquifer than water in a confined aquifer and, therefore, the 
ground water levels will fluctuate more significa~tly. 4 
The profile of an unconfined ground water regime is 
divided into two major zones, the zone of aeration and the 
zone of saturation. (Figure 1) 
The zone of aeration is composed of soil layers 
16 
immediately below the land surface in which soil pores, 
small openings of the soil and rock, contain air and small 
amounts of water. The moisture found in the upper layers of 
this zone, called soil moisture, is readily available for the 
root systems of plants. Capillary fringe moisture which is 
held in the lower layers of· this zone by "molecular attraction" 
will not flow toward or enter a well. Intermediate vadose 
moisture is found between the layers of soil moisture and the 
capillary fringe. 5 
Located below the zone of aeration is the zone of 
saturation in which the soil pores are filled with water, 
comprising the unconfined aquifer. The water taqle in an 
unconfined aquifer ~ay be found at or near the land surface, 
or may be hundreds of feet· below. 
Precipitation is the source of ground water. Rain-
fall and snowmelt replenish or "recharge" the aquifer which 
loses water to the atmosphere, to river flow, and, in some 
cases, to underlying confined aquifers through cracks in the 
bedrock by the process of "discharge." Under natural con-
ditions this creates an equilibrium or static water level in 
an unconfined aquifer. The ground water levels under such 
conditions will fluctuate according to seasonal -or longer 
term precipitation variations, but will retain a static water 
level for hundreds of years under the same climatic conditions. 
If water is withdrawn from the aquifer as the result 
of human activities, the water level of the aquifer may 
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change, thereby destroying any natural equilibrium. If the 
amount of water withdrawn from the aquifer exceeds the amo~nt 
of recharge, water levels in the aquifer will decline, a 
. 6 
condition kno·wn as "mining" the aquifer. 
Locally, water which reaches the land surface from 
precipitation will go through four stages in recharging . the 
unconfined aquifer. 
1. Some of the moisture will evaporate back into 
the atmosphere, both during and after periods of precipit-
ation; 
2. Some of the moisture will remain on the land 
surface contributing to the surface water supply; 
3. Some of the water will infiltrate into the zone . 
of aeration; 
4. A smaller percentage of the water will infiltrate 
into the zone of saturation. 
Water will infiltrate into the zone of saturation 
from the zone of aeration only after the amount of precipit-
ation has exceeded the amount necessary to satisfy the water 
needs of the plants and soil. Although .precipitation is the 
ultimate source for all of our water supplies, ground water 
recharge does not always come directly from precipitation. 
The main components of recharge include: 
1. The infiltration of a percentage of the total 
amount of precipitation into the zone of saturation; 
2. The influent seepage of surface water into.the 
zone of saturation; 
3. Underground leakage of water from adjacent 
aquifers; 
4. Artificial recharge through human technology. 7 
The rate and amount of infiltration depends on the 
rate at which water is added to the soil and the rate and 
amount of water which can enter and percolate th~ough the 
soil. 
19 
The rate at which water is added to the soil surface 
depends on the period ~nd intensity of precipitation. Heavy 
rainfall and snov~elt not only increase the amount of water 
available for ·recharge, but also increase time over which 
recharge can occur because of the standing water in recharge 
areas during flooding conditions. 
Infiltration through the soil surface depends on 
the physical condition of the soil and vegetative covering 
before precipitation occurs. During .dry periods the infil-
tration rate will be quite rapid due to enlarged soil passages 
and diminished root systems. This condition allows for 
immediate and rapid penetration through the soil surface. 
During wet periods, however, soil moisture causes soil 
passages to shrink and root systems to enlarge, making 
penetration more difficult. 
There is also a decrease in the amount and rate of 
infiltration through the soil surface after the onset of 
rainfall. As the drops of rain strike the ground they 
gradually compact the soil, decreasing the size of the soil 
passa.ges through which water may percolate. 
Infiltration through the zone of aeration depends 
primarily on the specific moisture retention rate of the 
soil. Specific retention is "t:.e volume of water whicn a 
soil or rock formation will retain against ·the force of 
gravity if it is drained after being saturated." This re.....; 
tention capacity depends on the .type and condition of .the 
soil which determines "permeability." The permeability of 
a soil is a measure of the ability of· water to move through 
a soil. This movement can occur only if the soil pores are 
interconnected and the pore spa6es are large enough to let 
water pass through. 
20 
Clay has a hi~h specific retention because it is not 
very permeable, while a loose, permeable sand or gravel will 
have a low specific retention. As specific retention in-
creases within the zone of aeration, the amount _arid rate of 
infiltration into the zone of saturation decreases. 8 
The amount of infiltration into the zone of satur-
ation also depends on the thickness of the zone of aeration. 
21 
As the thickness of this zone increases, the total area of 
water retention increases, decreasing the amount and rate of 
infiltration into the zone of saturation. 9 
The quantity of watei that a rock structure can hold 
within the zone of saturation depends on the "porosity" of 
that rock. Porosity is "the total measure of the spaces 
among the grains or in the cracks that can fill with water." 
If the grains cf sand or gravel are "well sorted," or approx--
imately the same size, the aquifer will have a large pro-
portion of its volume available for water storage. But lf 
the rock materials in the aquifer are poorly sorted they are 
less porous and the water storage capacity of an . aquifer is 
10 not as great. 
Infiltration through surface water beds ~nd banks is 
another source of recharge for ·an unconfined aquifer. 
Primarily ground water occurrence is adjacent to surface 
waters in glacial outwash, where the unconsolidated sand and 
gravel aquifers exist in equilibrium with surface waters. 
During the spring· and early summer months when precipitation 
and snowmelt is the greatest in the Midwest, the soil becomes 
saturated with water, thereby reducing the infiltratio~ rate 
and excess of potential ground water. Water which cannot 
be stored underground or in the lakes and pot holes on the 
area is discharged into streams and rivers in the form of 
surface runoff. During and after these flooding periods 
water gradually infiltrates back into the ground and will 
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continue to recharge the aquifer through the stream banks 
until a condition known as "base flow" is reached. Base flow 
is the water in the stream which is provided by ground water 
to maintain stream flow. Th~ infiltration of stream water 
into the aquifer is known as influent seepage. The discharge 
of ground water into the stream is called effluent seepage. 
Base flow will usually occur in mid- to late July in Brook-
ings and Hamlin Counties depending on the amount of rainfall 
during the summer months. 11 
The surface and subsurface water regimes are "hydro-
logically interconnected ••• and function together to _form an 
integrated dynamic system in which water commonly moves from 
one environment to ~he other ... 12 Therefore, it is necessary 
to study both regimes when determining the potential for the 
development of water resources -for a region. 
The two other components of recharge for an uncon-
fined aquifer ·are recharge from adjacent aquifers and arti-
ficial recharge. Recharge from adjacent aquifers is minimal 
in the region of the Big Sioux River Aquifer because there 
are no known connections with other basin aquifers through 
which a significant amount of ground water flow could pass. 
But artificial recharge may be an important consideration 
for future ground water sources. This prospect will be 
discus sed in the next chapter. 13 
water moves through an unconfined aquifer toward a 
point of discharge. The direction of this movement is 
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determined by the permeability of the rock materials. 
Ground water flow into a point of discharge at the land 
surface, however, is not the only means of water loss in an 
unconfined aquifer. 
The main components of unconfined ground water 
discharge are: 
1. Evapotranspiration of shallow unconfined ground 
water into the atmosphere; 
2. The effluent seep~ge of ground water into surface 
water bodies; 
3. Discharge of ground water to the land surface 
through springflow; 
4. Artificial discha~ge through human technology. 
Evapotranspiration is a combination of the properties 
of evaporation ~nd transpiration. Evaporation is the pro-
cess by which a liquid or solid is changed into a gas with 
the application o'f heat. Transpiration is the process by 
which moisture is removed from the ground by a living plant 
for its growth processes. 
Evapotranspiration (ET) .. comprises the sum of the 
volume of water used by the vegetative growth of a given 
area in transpiration or building of plant tissue and that 
evaporated from adjacent soil, intercepted precipitation, snow 
and irrigation sprir.klers." All of . these sources of ET are 
potential sources of ground water depending on soil and 
climatic conditions. 
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The actual amount of evapotranspiration is a function 
of both the climate and vegetation and is therefore very 
difficult to measure. Due to the fact that plants extract 
moisture from the soil, the depth and intensity of the root 
system and the speed at which soil moisture moves to the 
plant must be measured. 
Therefore, it is necessary to determine the Pote~1tial 
Evapotranspiration (PE) which is essentially a function of 
climate alone and can be measured quite accurately. The 
measurements are not completely accurate because the assump-
tion is made that crop coverage will be continuo~s, "actively 
growing , completely shad~ng the· ground, of uniform height, 
14 (and) not short of water." 
The concept of PE is theoretical because the con-
ditions previously mentioned cannot exist, so the actual 
amount of ET usually will not. equal the calculated value of 
PE.lS 
Climatic conditions are the most important factor in 
the determination of PE because they not only control the 
amount of moisture available under natural conditions, but 
also determine plant behavior. PE will tend to increase as 
temperature, solar radiation, and windspeed increase, and as 
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humidity decreases. 
The rate of circulation of . water through a plant 
increases with an increase in the intensity and duration of 
solar radiation. Therefore, rates of transpiration will 
vary both diurnally and seasonally. The opening and closing 
of the plant stomata are largely controlled by the duration 
of sunlight during tbe growing season and is closely associated 
with the amount of transpiration which will result. The stomata 
are wide open during the highest daily intensity of solar 
radiat ion. They will gradually open and close before and 
after this period during the daylight hours. The greatest 
amount of transpiration will occur during the period when 
the stomata are more than half open. When the water table 
of an unconfined aquifer is shallow enough to be within the 
root zone , the changes in the rate of transpiration are re-
flected in the diurnal fluctuations of the water table leve1.
16 
During th~ growing season, transpiration will usually 
account for about fifty to eighty percent of the total amount 
of ET. When soil moi~ture supplies reach a critical level 
of depletion (about sixty to seventy percent of available 
moisture is lost) and stomatal resistance increases, transpi-
ration will decrease. The actual amount of evapctranspiration 
. 17 
will be well below the calculated PE~ 
The interaction between shallow ground water and 
evapotranspiration is a two-way process since the depth of 
the water table is an important factor in determining the 
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rate of evapotranspiration. If the water table is close 
enough to the soil surface, the capillary rise of moisture 
not only provides water for the transpiration processes in 
the plants, but also provides moisture which will evaporate 
directly into the atmosphere. 
In humid regions, evapotranspiration exceeds 
precipitation during the summer months and shallow ground 
water will be principally consumed through the transpiration 
activities of the vegetation. Evaporation of ground and sur-
face water will be minimal because of the high relative 
humidity and the.water table gradient will slope away from 
the surface water levels. But in sub-humid and semi-arid 
regions~ where the great amount of recharge occurs in the 
spring and the average annual precipitation levels are low, 
the evaporation rates will be much higher for surface waters 
relative to the amount of water available for their recharge. 
By mid- to late swmner the surface water levels 
subside to a lower po~nt than the adjacent ground water 
levels . Effluent seepage will then occur from the surround-
ing ground water to the surface water bodies. Streamflow 
which is sustained by effluent seepage in the absence of 
surface water runoff is called baseflow. 18 
Discharge by springs in a shallow unconfined aquifer 
occurs at the intersection of the ground surface and the 
water table. Due to the gradual slope of the water table in 
such a formation, and the relatively slow rate of ground 
\ 
\ I 
t 
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t fl th d . h '11 b 't 1 19 wa er ow, e ~sc arge w~ e qu~ e ow. 
Artificial discha~ge of water from an unconfined 
aquifer through irrigation is becoming increasingly impo~tant 
as use of this technology increases. The impact of irri-
gation on the unconfined ground water regime will be dis-
cussed in the next chapter. 
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CHAPTER IV 
ARTIFICIAL FACTORS AFFECTING GROUND WATER 
LEVELS IN AN UNCONFINED AQUIFER 
Artificial factors also play an important role in 
the balance between recharge and discharge of a shallow 
aquifer in areas where effective agricultural production 
requires the developnent of ground water supplies for irri-
gation. If substantial amounts of water are withdrawn from 
a shallow aquifer the natural processes of recharge may not 
be adequate to replace the discharge from both natural and 
artificial discharge, ·resulting in a drop in the water table. 
This lowering of the water table may be seasonal or permanent, 
depending on the amount of water withdrawn. 
Artificial recharge is based on the principle that as 
the rate of recharge is increased, · 'the amount of water which 
can be withdrawn without depleting the source also increases. 
Therefore, instead of storing water in surface reservoirs, 
water can be stored in underground reservoirs or aquifers. 
Advantages associated with artificial ground water recharge 
are: 
1. The cost of underground storage is much lower 
than that of building a surface reservoir 
2. The distribution of the water takes place within 
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the aquifer itself through the natural horizontal movement 
of the water rather than requiring the construction of pipe~ 
lines and/or canals for distribution as in surface systems. 
3. Underground, water is less subjected to evapor-
ation and pollution, hence it can be conserved more efficient-
ly. 
4. In most regions there are not enough approriate 
sites for surface water reservoirs. 
5. If water for artificial recharge is available in 
areas of intensive ground water development, it can be used 
t 
. . 1 o prevent water min1ng. 
Artificial recharge is governed by the same ·factors 
as natural recharge. In addition, · such factors must be 
taken into account as the quantity of water needed to replace 
that withdrawn and the ultimate use of the water. 
Methods of artificial recharge include: water 
spreading, induced filtrat~on, and recharge wells. 
\"later spreading involves the diversion o-f surface 
water over natural recharge areas by the use of surface 
reservoirs, ditches or small spreading dams. When the stream 
channel is the main source of ground water recharge in an 
area, surface reservoirs may be used to store waters during 
high discharge periods which otherwise would not percolate 
into the ground and then release it back into the stream 
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during low flows. 2 
Small spreading dams may be bu~lt on streams in 
areas deficient in shallow ground water to increase the area 
and time over which water can percolate into the ground 
during periods of natural influent seepage. 
Induced filtration differs from water spreading in 
that the diverted surface water is pumped directly into the 
aquifer through strategically placed ~ells in ground water 
' ' 
deficient areas. 
Recharged wells permit ground water to be delivered 
from an area in the aquifer where there is an excess supply 
to an area in the aquifer where it is most needed. 3 
Irrigation is the most prominent method of artificial 
discharge in rural areas where an additional water supply is 
needed to supplement precipitation for efficient crop pro-
duction. The development of irrigation has had a far-
reaching impact on agriculture in regions where rainfall is 
undependable durin~ the growing season. 
But in many areas. where improper irrigation develop-
· ment has destroyed the natural equilibrium between recharge 
and ·discharge, ~he consequences have been water depletion, 
water pollution, and land subsidence if ground water is 
being mined. In areas of poor drainage~ soil salinization 
and, if the water levels reach a higher equilibrium, water-
logging of the soil will occur. Therefore, economic consider-
ations must be balanced by sound conservation practices. 
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Irrigation requirements will vary according to the 
following physical and cultural factors: 
1. Climatic conditions such as precipitation, temp~r­
ature, relative humidity, solar radiation, and wind: , 
2. Whether there are obtainable water supplies 
which can be economically diverted, given consideration to 
legislative, water quality, · and landscape consequences} · 
3. Whether crops grown in a particular area will 
yield adequate financial returnsj 
4. The soil conditions which exist, including 
salt content, permiability, soil profiles, depth of root 
zone, and amount of organic matte~; also the water table 
levels topography, and the drainage -patterns of the areai 
5. Farm proce~ures such as delivery systems, methods 
of application, labor costs, mai~tenance of soil fertility, 
and leveling and grading of field must be considered. 4 
Meteorological (or weather) factors determine where 
shallow ground water will be located and how much of it will 
be available during the growing seas~n. If precipitation 
levels are below those of evapotranspiration, irrigation will 
be necessary for rnaximum crop production. 
But irrigation would not be feasible if quality 
water was not economically obtainable in suffici~nt amounts, 
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especial1y during dry years, because this would lead to 
shortages of ground water for domestic uses. If developed 
properly, however, there are r.1any advantages in using shallow 
ground water for irrigation. Shallow ground water is usually 
· found in river valleys where deep deposits of open sands and 
gravels provide an efficient underground reservoir, and 
alluvial till provides a rich topsoil. 5 These advantages 
include: 
1. Utilizing underground water is less costly than 
building surface reservoirs to provide sufficient amounts of 
water for irrigation. Factors include construction cost of 
a surface structure, tqe costs involved in the loss of pro-
ductive farmland to a surface structure,. and conservation 
costs from excessive water losses to evaporation in a surface 
structure: 
2. Shallow ground water is very accessible and, 
therefore, economical because the wells can be located on 
the individual irrigator's property and the pumping lift 
requ~red is minimal; 
3. Shallow ground water is a more dependable ~ource 
than surface water because the latter is more subjected to 
climatic fluctuations and, therefore, fluctuates more dras-
tically in amount: 
4. Shallow ground water is more uniform in quality, 
including temperature and soluble mineral load, and is 
generally free of turbidity and bacterial pollution. 6 
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Crop water requirements must also be considered for 
proper irrigation development. The consumptive use of water 
by crops equals the amount of water added, plus or minus the 
change in soil moisture. The crop irrigation requirement is 
the portion of the consumptive use which must be supplied 
by irrigation in addition to the amount supplied ·by natural 
sources of moisture. 
The farm deliver and diversion requirements must 
also be considered if the water is delivered to the crops by 
flooding , ditches or other methods which expose the water 
both to the soil surface: and the atmosphere. De~p percol-
ation, surface runoff, evaporation and soil erosion are some 
of the problems associ~t~d with these techniques. 7 
Center-pivot SJ;?rinkler irrigation systems can mini-
mize most of these problems associated with delivery because 
the water is transported i~ pipelines and it isn•t subject 
to weather and soils factors. The systems are also light in 
weight and semi-automatic, thereby minimizing labor costs. 8 
Water losses are still a problem, however, with this type of 
system. 
Water which is sprayed into the air before reaching 
the soil surface is subjected to many of the same meteoro-
logical factors (wind, temperature, and humidity) as pre-
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cipitation. The amount of water applied to the field will 
also vary according to the pumping rate of the system. Losses 
will vary from twenty percent to fifty percent of the total 
amount of water pumped, depending upon the previous con -
d ·t· 9 1 1ons. 
Conservation Concerns of Ground Water 
Developmen~ for Irrigation 
Problems concerning the conservation of ground water 
are receiving considerable public scrutiny in those areas 
where irrigation development occurs. Ground water is a 
renewable resource, but only to that degree of natural equi-
librium determined by i~s physical parameters. A single 
irrigation system may significantly affect the amount of 
ground water available for a small town or city. Since 
domestic water-use has priority over beneficial water-use, 
there is reason for concern by small city residents as well 
as non-irrigating farmers over the amount of water used for 
irrigation. Although artificial recharge techniques can be 
used to divert water to areas of deficiency, present tech-
nology cannot create a ground water recharge supply. There-
fore, a shallow aquifer must be developed very carefully. 
The safe yield of an aquifer is the quantity of 
water which can be withdrawn from that aquifer over a period 
of time, not exceeding the amount of recharge during that 
period. If ground water is withdrawn over a period of time 
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at a rate exceeding the safe yield, water mining will occur 
if artificial measures are not taken to supply this recharge 
deficit. If water mining continues over a period .of years, 
the aquifer not only will be impaired as a water source, but 
many other problems will occur in the physical environment as 
a result of a lower water table. 10 
Before these problems can be discussed, the hydrology 
in the vicinity of a well should be considered. Any amount 
of water withdrawn through a well will cause a decline in 
the water level surrounding that well forming a cone of 
depression. The amount of water withdrawn, the rate at which 
it is withdrawn, and the perrniability of the aquifer all 
determine the size and s·hape of the cone. This "hydrological 
condition", called drawdown, is ·described as being ..... the 
difference between the altitude of the water surface in the 
cone of depression at that point and the altitude of the 
organic static water le~el (Line S iri Figure 2) at any given 
distance from the well (LineR in Figure 2) ... 
Water withdrawn from an unconfined aquifer is actually 
a combination of stored water and recharge water in areas 
where the amount of recharge exceeds the storage capacity of 
the aquifer. If an equilibrium can be established between 
well withdrawals and recharge, then waters which would 
otherwise have been discharged as surface runoff or horizon-
tal subsurface flow into streams under natural conditions, 
will percolate into the aquifer. The same water level will 
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WATER TABLE 
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be maintained even though pumping is occurring. If pumping 
is increased to a level which destroys the equilibrium, 
seasonal and/or permanent problems may result. 11 
There are three basic problems resulting from sea-
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sonal ground water overdraft and ground water mining. Reser-
voir problems occur when the replenishment rate of the aquifer 
is slower than the demand rate for withdrawls, thereby 
lowering the overall water table of the aquifer. This not 
only will lead to an increase in pumping costs, but will also 
destro~ the natural equilibrium between the shallow ground 
water and the other physical elements within its regime. Any 
substantial lowering of the water table, whether permanent 
or seasonal, may create water shortages, contaminate the 
water, and dry up many lakes and marshes which depend on 
ground water as their moisture source during much of the 
year. If the water level is lowered drastically, land sub-
. . 12 s1dence may occur. 
Pipeline problerns .occur if water cannot move horizon-
tally rapidly enough to the well to replace water pumped. 
Water will then be drawn from progressively lower levels of 
a well, increasing the pumping lift and, therefore, the 
pumping costs. This will occur especially where wells are 
spaced too closely together causing the zones of drawdown to 
intersect. 
Finally, watercourse problems may occur where shallow 
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ground water is pumped in the immediate vicinity of a 
stream. The level of the stream may fall if it requires 
d t t "d fl d . d . d 13 groun wa er seepage o prov1 e ow ur1ng ry per1o s. 
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CHAPTER v· 
SOUTH DAKOTA WATER RESOURCES LEGISLATION 
The development of water resources in South Dakota 
is under the jurisdiction of the State of South Dakota. 
Therefore, an understanding of the legal conditions under 
which ground water development occurs is an important part 
of the planning process. 
Water laws differ from land laws. The private 
individual has more control over the development of his land 
than he does over the water passing through his land in 
rivers and streams, in lakes and potholes, or the water under 
his land in aquifers. A water right must be obtained from 
the State of South Dakota before a private individual can 
use the water for economically beneficial purposes. 
Historically, South Dakota Water Law has been Qased 
on two major doctrines, the riparian system and the appro-
priation system. The riparian_ system prevailed in the east-
ern United States while the appropria.tion system developed 
in the western states. 
The riparian ~ystem is used ~ost frequently in 
regions where water is plentiful. The most prominent fea-
ture of this system of laws is that "legal rights in water 
arise from, and only from, ownership of land which adjoins 
or underlies a stream. Land of this type is called 
riparian land." 1 
The water rights are inherent in riparian land and 
cannot be lost through nonuse. But "the riparian owner may 
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use water only on the riparian tract of land and may not use 
' 2 
it or sell it to another for use on another parcel of land." 
In response to conflicts which occurred between 
riparian owners on the same stream, two subsystems, the 
·"natural flow" and the "reasonable use 11 systems, of the 
riparian doctrine have evolved. -
The natural flow system stf3.tes that "no riparian 
user may impair or diminish the flow of the stream to the 
detriment of any other riparian." 3 In other words, each 
riparian owner has the right to a streamflow, through or 
adjacent to his property which fluctuates according to 
natural conditions only. 
The more common system allows the use of the water 
by the riparian owner in reasonable amounts, taking into 
account the needs and uses of the other riparians. · In cases · 
of competing uses, for example, between domestic and bene-
ficial uses, the courts will decide what is a "reasonable" 
amount for each of the users. 
Because of th~ economic and social necessity for the 
diversion"ofwater in the western states where streams with 
sufficient water supply .for development were few, the ripar-
ian system was not widely adopted. In this region where 
irrigation is needed to supplement rainfall for crop 
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production, "there is a need to rely upon the availability of 
a specific amount of water at a particular time, regardless 
of future developments and other changes." 4 Under riparian-
ism, the right of a present user to divert water for irri-
gation or any other needs is threatened as other riparian 
owners begin to draw from the source or increase their 
utilization of water. Therefore, the appropriation system 
was most common in the western states. 
The appropriation system is based upon the a9quis~tion 
of a water right by diverting water for a beneficial use. 
Under this system the land owner is not entitled to the 
beneficial use of the water simply because he owns the land 
adjacent to, or above a water su.pply. The water may be used 
en lands which are not adjacent to the supply of water. If 
the use of the water is not continued the right to use it 
may be forfeited. 
"First in time, first in right" applies to appro-
priators when there are c·ompeting uses among them.;. In times 
of drought when shortages are most likely to occur, the most 
recent appropriator must stop using water, if necessary, to 
allow senior appropriators to use the amount of water to 
which they have a right. 
In South Dakota water law, both systems were adopted 
and a person could own water by riparian right, or by the 
right of appropriation for beneficial use of non-riparian 
land. Conflicts between riparian and appropriation owners 
were resolved according to the time of claim by the appro-
priator in relation to acquisition of riparian ownership of 
the land. "First in time, first in right" applied once 
again. 
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Although both the riparian and appropriation systems 
applied to surface waters and those subs·urface waters "that 
formed a definite and chartable stream," ground water was 
considered to be a part of the land over it. Thus the land-
owner obtained the absolute ownership to it merely through 
the purchase of that land." 5 
In the 1907 South Dakota Legislative Session t .wo new 
concepts were introduced. First, it was determined that all 
the waters within the state belong to the public and are 
subject to "appropriation for beneficial use." This legis-
lation based the entire system of water law on the doctrine 
of appropriation. Secondly, it was decided that before a 
private individual can use any public water for benef~cial 
use, he must apply to th~ State Engineer for a permit. Thi~ 
was the first time that the state had taken part in the 
administration of water resources. 
In 1913, the s~ate legislature concluded that is was 
unconstitutional to destroy riparian rights because it con-
stituted a "taking of prop~rty without compensation," an 
action which is prohibited by state and federal constitutions. 
They detern1ined that surface and ground water were bound to 
each of the landowners as a "part· and parcel of land · it-
self."6 
This created a confusing combination of the two 
systems. Then, in 1955, the State Legislature passed a 
major act which adopted the fundamental principle that the 
general welfare of the people of South Dakota requires that 
water be put to the fullest beneficial use without being 
wasted. 
The bill dealing with surface water stressed rights 
to appropriate water granted by permit, but also recogni~ed 
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the rights of riparian owners to all water needed for domestic 
and beneficial (existing) uses to which water was being put 
"before and at the time" of the passage of the 1955 legis-
lation. 
It also was dete~mined that ground waters are subject 
to the doctrine of beneficial use. All ground water which 
was being withdrawn for beneficial purposes at the time of 
passage of the law and for domestic purposes \vere "vested.". 
The commission may, however, require the filing, by all users 
of ground water for beneficial uses, of all data relative to 
such use. After passage of the law, . all persons seeking to 
use ground water for - beneficial uses, not being withdrawn at 
the time of the passage of . the bill, shall be required to 
obtain a permit from the Water Resources Commission. This 
commi·ssion, established in 1955, is made up of seven members 
~· 
I ~ 
which are appointed by the governor with the advice and 
consent of the Senate. 7 
This new law modified the theory of riparian rights 
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in that although riparian owners "have the right at all times 
to increase the water amount consumed for domestic purposes, .. 
it "limits them to the amount of water actually applied for 
a beneficial use, rather than allowing a riparian owner to 
expand his beneficial uses at any time." 
There were a number of conceptual changes in the 
1955 st:-1tutes. Riparian rights can now be lost through n-on-
use. This was a thoughtful attempt to avoid a constitutional 
confrontation. Although an individual does not now own the 
water flowing in a stream or underneath his land, he can 
obtain a "right to use" of the water. Therefore, riparian 
rights would not be recognized if the water was not being 
diverted for a beneficial use within a reasonable period of 
t
. 8 1me. 
The law now states that "a riparian owner who had 
peen applying his water to a beneficial use within three 
years prior to the passage of the 1955 act had a vested 
right to ~ontinue to use such water thereafter, so long as 
the water right was Qot abandoned by _disuse. Riparian rights 
that may have existed before 1955 but which were not put to 
use within the three-year period are terminated." 9 
But if the riparian owner is engaged in the construe-
tion of a system which will divert and apply water for 
I' 
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beneficial purposes, · that project- "created a valid water 
right" providing it was operating within a reasonable period 
of time. 
Acquisition of Water Rights 
A ·water right must be acquired before the private 
individual may withdraw water for use in a beneficial manner. 
There are six categories of water rights in South Dakota 
based on their mode of acquisition: 
1. Riparian Rights: Tr·e statutes recognize these 
rights only to the extent that a beneficial use was made 
during the three-year period preceding March 3, 1955, or in 
cases where works were under construction to apply water to 
such use on March 2, 1955. 
2. Adjucated Rights: All water rights which were 
~ranted by court decree prior to July 1, 1955, will be 
recognized. 
3. Pre 1907 Rights: This includes the uses of water 
under diversions and applications of water prior to the 
passage of the 1907 water law and not subsequently forfeited 
or abandoned. 
4. · Domestic R.ights: The use of water by an indi vid-
ual, or by a family unit or household for drinking, washing, 
sanitary, culinary and other ordinary household purposes; and 
irrigation of a family garden, tr-ees, .shrubbery or orchard 
not greater than one-half acre and stock watering are all 
considered domestic uses. 
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5. Municipal Rights: The right of a state or agency · 
thereof or municipality to acquire and hold rights for exist-
ing and future reasonable uses. 
6. Appropriat·ive Rights: The rights acquired since 
1907 according to filing and permit procedures in effect at 
the time of acquisition. 
In the case of conflicting rights between two or 
more users over t he same wa ter source, the following rules 
apply: 
1. Domestic water use is the highest use of water 
and takes precedence over all appropriated rights. 
2. Municipal rights should be protected to the 
fullest extent necessary and that municipal systems' use of 
ground water shall be considered a domestic use except 
where ground water and water in flowing streams constitute 
the same water supply source. 
3. If there is a conflict between appropriators, 
'.'the first in time is the first in right." 
4. In conflicts between riparian rights and 
so 
appropriative rights the statutes· are silent. 10 
To obtairi a water right an applLcation must be 
submitted to the Water Rights Commission. Appointed by the 
governor, this commission must include ·representatives of 
"dryland farmers, range livestock producers, municipalities, 
the mining and timber industries, soil conservation districts, 
drainage districts, irrigation districts, and fish, wildlife, 
and recreation interests." 
The Water Rights Commission's authority includes the 
development of rules and regulations which set the standard 
for the distribution and maintenance of water rights in South 
Dakota . These rules include such things as "rules for appli-
cation and granting of water rights, .establishment of fees 
for permanent water permits, water inspection and filing of 
papers, rules for domestic use, rules for large capacity 
11 d h 1 h . h t t h bl' . . t. t 11 we s," an ot er rues w 1c pro ec t e pu 1c 1n eres . 
The commission has the power to rule on applications 
for water use and to establish water use control areas to 
insure the equitable apportionment of available water. Its 
duties include the investigation of irrigation and water 
conservancy district provosals before making recommendations 
for their development, and must pass upon "all plans for the 
construction of flood control facilities, intrastate drainage 
projects, watershed districts and similar projects." 
If it is determined that unappropriated water is not 
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available or that approval of a water right would be 
"contrary to the .Public interest," the Commission may reject 
any application. The Commission may also stop withdrawals 
from a water source until the most complete utilization of 
that source can be determined. 12 
The current appropriation procedures require that 
there is "unappropriated water" in the surface water or 
ground water source before another permit is . granted. 
An application for a water right must state: 
1. The amount of water request~d; 
2. The period of annual use; 
3. Information such as maps, plans, and specifi-
cations showing method and practicality of construction and 
b "l"t f 1' t t 1 t 't 13 a 1 1 y o app 1can o comp e e 1 • 
If an application is judged unsatisfactory it ·must 
be returned to the applicant within thirty days. The appli-
cant will then have sixty days to refile and if the appli-
cation meets approval, . he will retain the priority of the 
original filing date. 
A notice of application must .be submitted by the 
applicant to a local newspaper at least once a week for two 
weeks including such information as the place, the amount 
and purpose of the development and also the time and place 
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the application is being considered by the Commission. Proof 
of this publ~cation must be sent to the Commission within 
sixty days of application or the applicant's priority will be 
lost. 
A Commission hearing will be held after a designated 
time period to determine if there is unappropriated water 
available for beneficial use by the applicant. Eviden~e 
will be submitted by the Commission's water engineer or -the 
State Geological Survey, and on the basis of this and any 
othere relevant evidence the application will either be 
accepted or rejected • . 
If the application is denied the applicant may make 
an appeal to the state court system. If the application is 
approved and endorsed it then becomes a permit t~ the amount 
of appropriation no less _than that applied for. Construc-
tion works for the diversion and application of the water 
must be "diligently_pursued." The works for the water 
diversion must be completed within five years of permit 
approval and must be applied to beneficial use within four 
14 years thereafter. . Upon completion of the works they will 
be inspected by a party appointed by the commission to 
determine whether the diversion works are in compliance with 
; 15 the terms of the perm1t. 
If the divers·ion works are satisfactory a license 
will be issued to operate the system to the extent of the 
conditions stipulated in the permit. If it is determined 
53 
that the water diversion as finally constructed . is unsatis-
factory, the , necessary changes must be made within six months 
of inspection or the permit holder will lose his original 
priority date. 
A water right permit or license may be transferred if 
this action is recorded with the Commission. But . irrigation 
appropriation permits or licenses may not be sold or other-
wise transferred "apart from the land" unless: 
1. It becomes impractical to use the water right on 
the tract of land for which it was granted, and, 
2. The change can be made without consequences which 
may be detrimental to existing water rights in the area. 
The State not only has the power to determine how 
the water is to be used but also how the "right to use" may 
be lost. Water rights may be lost even after the diversion 
works have passed i~spection, by abandonment and forfeiture. 
Abandonment is the "relinquishment of the right with the 
intention to forsake and desert it." Forfeiture is "the 
involuntary or forced loss of the right caused by the failure 
of the appropriator. or owner to perform some act required by 
the statute." 16 -
The Water Rights Commission may also withdraw 
unappropriated waters from further appropriation if the 
hydrology of the water supply area is not sufficiently 
understood. Water permits will then only be granted after 
a thorough investigation of the water supply has been con-
ducted.17 
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CHAPTER VI 
DESCRIPTION OF THE STUDY AREA 
Brookings and Hamlin Counties are located in the 
east central part of South Dakota, · between 44°12' and 44°48' 
N Latitude, and 96°28' and 97°30' W Longitude with the east-
ern border of Brookings adjacent to the Minnesota - South 
Dakota boundary line. The portion of the counties included 
in this study is the area inclLJed in the Big Sioux River 
Basin. From its sou.rce in southwestern Roberts County., the 
Big Sioux River flows south 420 river miles tb its confluence 
with the Missouri at Sioux City, Iowa, draining parts of 
fourteen eastern South Dakota counties, five southwestern 
Minnesota counties, and four northwestern Iowa counties. 
Brookings County contains the second largest portion 
of the basin in South Dakota, about seventeen percent. The 
basin covers about 736 square miles, or nin~ty-one percent 
of Brookings County. About 4.4 percent of the basin is 
found in Hamlin County covering 190 square miles, or 35.2 
percent of that cpunty. {Figure 5) 
The drainage pattern in the .basin is unique because 
almost all of the tributaries of the Big Sioux River enter 
from the east. The western portion of the basin contains 
numerous lakes, sloughs and potholes but very few streams. 
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Topography 
The drainage patterns reflect the topography in the 
study area. ' The Big Sioux River drains a highlands region 
called the Coteau des Prairies , the single largest topo-
graphic feature of eastern South Dakota. The portion of · the 
basin to the east of the river has a well developed drainage 
pattern and shows greater local relief. Elevations range 
from 1990 feet, the highest point near Lake .Hendricks in 
northeastern Brookings County, to about 1550 feet near · the 
Brookings -Moody County border on the river. 
The western portion of the basin in these counties 
exhibits a poorly drained landscape. The local relief in this 
portion ranges from 1860 feet in west central Hamlin County 
to about 1550 feet once again on the Big Sioux River at the 
Brookings- Moody County border. 1 (Figure 6) 
Geology 
Brookings and Hamlin Counties contain two distinct 
types of geologic formation, the bedrock and glacial drift 
stratas. Both formations contain ground water aquifers 
which occur and function almost completely independent of 
each other. This study is concerned with ground water levels 
in the "shallows" glacial aquifers which occur in the glacial 
drift. 
Varying thicknesses of glacial drift cover all of 
eastern South Dakota as a result of the procession and 
• 11.1 
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recession of the great continental ice sheet during ~leisto­
cene time. The glacial drift is composed of three different 
types of rock materials: 
1. Till, constituting the largest form of glacial 
drift is a "heterogeneous mixture of finely ground 'rock 
flour', silt, sand, and rocks ranging in size from pebbles 
to boulders.'' Although it provides the parent mater~als 
for most of the soils in the basin, it is generally not an 
important source of water. 
2. Loess, consisting mainly of fine silt with some 
clay and sand, is not a dependable source of ground water. 
3. Outwash, formed by "glacial meltwaters trans-
porting, stratifying, and sorting the sand, gravel, and silt 
washed from the till, are usually good sources of ground 
water. Deposits of outwash may vary greatly in size and 
thickness from vast expanses covering many square miles to 
small pockets only a few feet thick. 
Four separate stages of· glaciation have covered 
eastern South Dakota, including, from oldest to youngest, the 
Nebraskan, Kansan, Illinoian, and Wisconsin. De~osits from 
the Wisconsin stage are the only ones that remain unburied 
in the study area.
2 
Wisconsin glaciation is divided into three substages, 
the Tasewell, Cary, and Mankato, which split into two lobes 
at the northern tip of the Coteau des Prairies at approxi-
mately what is now the North Dakota border. The eastern 
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lobe moved through the Minnesota Lowlands into the Des Moines 
River lowlands in central Iowa while the western lobe moved 
through the present James River Lowlands. In the large area 
between these lobes the Big Sioux River was formed carrying 
melt waters which deposited the outwash sands and gravels. 3 
These outwash deposits, .located along either side of 
the river and its tributaries, are the main source of shallow 
ground water in the area and comprise a major portion of the 
Big Sioux Aquifer. ~he most extensive deposits in the area 
are found on two large plains near the towns of Aurora and 
Volga in central Brookings County. 4 
Recent alluvial deposits along the Big Sioux River 
and its tributaries also provide a source for minor amounts 
of ground water. (Figure 7) 
Soils 
Soil is produced by six major soil-forming agents 
. from materials which are deposited or accumulated by 
geologic processes. They are: 
1. The -physical and mineralogical composition of 
the parent material; · 
2. The climate under which the soil material has 
accumulated and existed since accumulation; 
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3. The plant and an~mal life on and in· the soil; 
4. The relief, or the lay of the land; 
5. The length of time the forces of soil formation 
have acted on the soil materials; 
6. Man's influence on the first four agents. 
The bulk of the materials found in the parent till 
and outwash deposits in the study area are silt, clay and 
sand. ~herefore, the soils in the area will be mainly silt 
or clay learns with scattered sandy learns. 
The type of plant and animal life determine the 
amounts of organic matter found in the soils. Climate 
determines the type and rate of organic matter destruction. 
The rate of nitrogen release will be greater in regions with 
a warmer climate creating a lighter colored soil than that 
found in cooler rgions. Climate can also determine horizon 
thickness, degree of leaching, and texture of the soils. 
Drainage and runoff are determined by the topography 
of the basin. Soils in flat, poorly drained areas will suffer 
from excessive wetness, while soil on steep slopes will have 
thin horizons. - Both types of soils will be unproductive for 
agriculture. 
The maturity of the soils is determined by the 
length of time in which the other soil-forming agents have 
had to work on the soil. The older, more mature ~oils will 
tend to be richer with deeper profiles and better natural 
drainage. 
6J 
Man's activities play an important part in the 
shaping of his physical environment. The natural plant and 
animal life is gone in most regions replaced by varieties 
introduced into the area by man. Erosion as a result of 
human development can change the topography of an area. Even 
the climate can be influenced by man. 
The result of these processes has been the production 
of various types of soils in th0. study area. These soils 
have been classifie~ according to patterns of occurence 
called soil associations. 
A soil association consists of one or more major and 
minor soil(s). In Brookings and Hamlin Counties there are 
thirteen types of soil which will# in this case, be class-
ified into four major landscape groups. 
1. Level · to gently sloping silty and loamy soils 
are "composed primarily of deep, well drained silty to 
clayey loams and for the most .part, these soils are will 
suited to cultivation." 
2. Undulating to sloping silty soils are slightly 
steeper than group o~e soils and may require management 
practices to control erosion. 
3. Rolling and steep loamy soils are found in the 
glacial moraines and steep slopes produced by the drainage 
patterns. 
4. Nearly level to rolling soils with sandy and 
gravelly substrata are somewhat limited for agricultural · 
purposes because of their poor water retention capacity. 
They are found over outwash deposits in the uplands above 
the river's floodplain. (Figure 8) 
The major soil limitations are found in the hilly 
areas along the periphery of the basin. Overall, the lc~d 
is quite suitable for cultivation. 5 
Climate 
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The climate of the study is in the midcontinental-
subhumid class, characterized by large daily and seasonal 
fluctuations in temperature and ·erratic occurrence of pre-
cipitation. The mean annual temperature is about 44°F but 
temperature extremes may vary from -40°F to 110°F. _Average 
annual precipitation is about twenty-one inches with about 
eighty percent or 16.25 inches occurring on the average during 
the growing season (April through September). 
Cold and warm air masses dominate the weather 
patterns in the winter and surnrner seasons, while spring and 
fall weather patterns are dominated by frontal activity. 
Since the frontal activity patterns are erratic, precipit-
ation occurrence, the bulk of which is associated with the 
SOIL ASSOCIATIONS MAP LEGEND 
A. Gently Undulating to Rolling and Silty Soils 
193 Kranzburg-Brookings~Vienna 
196 Poinsett-Waubay 
197 Singsaas-Oak Lake 
198 Vienna-Lismore 
B. Rolling and Steep Loamy Soils 
200 Forrnan-Buse 
202 Poinsett-Buse 
c. Nearly Level to Rolling Loamy Soils 
203 Flandreau-Egeland 
204 Fordville-Estelline 
205 Renshaw-Fordville 
D. Level to Sloping Silty Soils 
221 Lamoure 
224 Egan-Wentworth-Clarno 
231 Wentworth-Egan-Viborg 
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passage of fronts through the area, will also be quite 
erratic. This often leads to extended dry periods and some~ 
times drought. 
Snowfall averages about twenty-seven inches in the 
northern part of Hamlin County to about 22.5 inches in the 
southern part of Brookings County.· 
The number of frost-free days above the threshold 
0 temperature of 28 F average is about 148 days in the north-
ern end and 146 days in the south. 
The mean annual potenti~l evaporation rate is forty-
seven inches. Duri~g dry periods~ hot, dry winds will in-
crease the evaporation rate and exaggerate soil moisture 
depletion. Surface and ground water levels will also be 
lowered by excessive evaporation during these conditions. 
Hail occurs an average of once a year with the high-
est frequency of occurrence in June and July. 6 
Water Resources 
Ground waters and stirface ~aters in the study area 
are hydrologically irtterconnected. Although this thesis is 
primarily concerned with the study of ground water levels, 
the surface ~ate~ resources mtist also be considered. 
§urface Water. Surface water supplies are greatly 
influenced by precipitation patterns, which are very erratic. 
Therefore surface water runoff is very sporadic in the Big 
Sioux River and its tributaries~ with about seventy percent 
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of the annual flow occurring frorn March through June from 
snowmelt and rainfall. (Figure 9) 
A gauging station located on the main stem of the 
Big Sioux River about ten miles south of Brookings measures 
the total surface runoff plus the base flow of the Big Sioux 
Basin north of that point. Volume recorded at this station 
averaged about 153 cubic feet per second (c.f.s.) with an 
average annual volume of 110,800 acr~-feet • . About sixty-
five percent of this total volume originates from surface 
runoff in the study area. 
The average annual · runoff can fluctuate dramatically 
from one to the next causing very little use to be made of 
the surface water. 
The major tributaries to the Big Sioux River in the 
study area are Stray Horse Creek and Hidewood Creek in 
Hamilin County and North Deer Creek, Six Mile Creek, Deer 
Creek~ and Medary Creek in Brookings County. All of these 
tributaries fl0w into the river from the east. (Figure 9) 
The lakes are shallow prairie pothole lakes and 
although they do prov~de wildlife habitats and recreation 
areas for the surrounding population, they are not an adequate 
source of water for agricultural or municipal uses. 7 
Ground Water in Glacial Aquifers. Ground water 
which is found in recoverable quantities in the study area 
occurs in glacial outwash and alluvial deposits along 
glacial metlwater channels and existing strea~ valleys and 
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in the outwash plains near Aurora and Volga. The largest 
quantities which can be economically recovered occur in 
outwash deposits which are larger and thicker and have a 
higher permiability. (Figure 10) 
Due to the irregularity in size and shape of these 
deposits it is difficult to determine the exact extent of 
the shallow ground water aquifers. The estimated storage 
capacity in the study area is from two to three millie~ 
acre-feet. But the actual amount of water stored in the 
aquifer G will vary considerably according to the time of the 
year. 
The principle means of recharge for these unconfined 
aquifers is the percolation of precipitation directly 
through the soils into the outwash materials. Most of the 
outwash deposits in the area are exposed to the soil surface 
and recharge is easy and efficient with little runoff. 
Some recharge also results from the downward per-
colation of water from surface bodies into the aquifers and 
l ·ateral subsurface flow from adjacent aquifers. Further 
observations of the ground water in the study area will be 
8 discussed in the next chapter . . 
Population. The population of the two counties in 
the study area have varied into two distinctly different 
patterns. Hamlin County has shown the common pattern of 
rural migration out of the county resulting in a loss of 
population. The population has decreased from over 7500 in 
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1940 to about 5250 according' to the preliminary .1980 census. 
Brookings County has not followed the same trend of 
migration and the population has actually increased by close 
to 8,000 in the . last forty years • . 
This difference can be explained by the fact that 
Hamlin County does not have any cities with a large enough 
population to attract the rural migration. The largest town 
in the county is Estelline with a 1980 population of about 
720 and with limited services and job opportunities. The 
population of the cities and tow~1s in Hamlin County has 
increased very slightly in the last ten years while the farm 
population has shown a distinct decline. (Fig~re 11) 
Every city and town in Brookings County, except for 
Sinai, has shown an increase in population. Brookings, the 
largest city in the county with a population of about 15,000, 
offers the services and job opportunities which are lacking 
in Hamlin County. I~ can therefore attract much of the rural 
migration from Brookings County and surrounding counties to 
live in the town of Brookings or to some of the smaller towns 
in the vicinity of Brookings w~ich have become more attrac-
tive because of their vicinal location. (Figure 12) 
Brookings County has also shown an increase in rural 
population which may be attributed to urban sprawl and a 
farm population remaining on their farmsteads af ·ter receiving 
non-farm employment in the Brookings area. 
POPULATION OF BROOKINGS AND HAMLIN COUNTIES 
POPULATION HOUSING UNITS 
Component Parts 1980 1970 % Change 1980 1970 % Change 
I 
Brookings. County 24263 22158 9.5 9038 6889 31.2 
Aurora Town 507 237 113.9 194 82 136.6 
Brookings City 14915 " 13717 8.? 5139 3902 31.7 
Bruce City · 254 217 17.1 98 83 18.1 
Bushnell Town 69 65 6.2 35 31 12.9 
Elkton City 633 . 541 17.0 285 231 23.4 
Sinai Town 129 147 -12.2 67 63 6.3 
Volga City 1214 982 23.6 483 337 43 ~ 3 ' 
White City 477 418 14.1 208 172 20.9 
Hamlin County 5248 5520 -4.9 2554 2265 12.8 
Bryant City 387 502 -22.9 225 223 0.9 
Castlewood City 54.8 523 4.8 230 187 23.0 
Estelline City 721 624 15.5 308 249 23.7 
Hayti Town 372 393 -5.3 1(.7 147 13.6 
Hazel Town 94 101 -6.9 47 47 0.0 
Lake Norden City 421 393 7.1 184 163 12.9 
Source: 1980 Census Press .Release. Annoucement, August 14, 1980 • 
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·Aqr·icu1tura·l La·nd Use. About ninet·y-five percent of 
the land use in the study area is agriculture. The increase 
in average . farm sizes reflect the decrease in the farm 
population in the two counties. 
The production of feed for the raising of beef 
cattle or hogs and the growing of cash-grain crops are the 
predominant agricultural activity in the study area. 
(Figure 13) 
CROP PRODUCTION IN BROOKINGS AND HAMLIN COUNTIES 
BROOKINGS COUNTY 1975 HAMLIN COUNTY 1975 
Crop Planted Harvested P1 ant.ed Harvested 
- - - Acres - - - - - - Acres - - -
Corn 116,000 85,000 ' 66,400 53,000 
All Wheat 22,900 21,400 29,600 28,100 
Winter Wheat 2,400 1,400 1,600 1,300 
Durum Wheat 2, 000 . 2,000 4,000 4,000 
Other Spring Wheat 18,500 18,000 24,000 22,800 
Oats 86,000 82,·000 42,000 41,600 
Barley 5,800 5,700 5,600 5,500 
Rye 2,300 1,300 2,600 2,000 
r"'laxseed 24,500 24,000 37,000 36,000 
Soybeans 8,300 8,000 300 300 
Sorghum 1,700 900 1,000 300 
All Hay 60,000 32,300 
Alfalfa Hay 44,000 20,000 
Wild Hay 13,000 10,000 
Source: South Dakota Crop· and Livestock Reporting Service, South Dakota Agricul-
ture, 1975, "Crop Production," by John E. Lange, (Sioux Falls, South Dakota: South 
Dakota Crop and Livestock Reporting Service, 1976), pp. 27-44 • 
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CHAPTER VII 
FINDINGS 
Irrigation Occurrence 
Private irrigation development has increased dramati-
cally since 1976. From 1955 through 1975, seventy water 
licenses were granted for irrigation withdrawals from a 
ground water source in Brookings and Hamlin Counties. All 
but seven of these licenses were granted to appropriators 
for irrigation devel.opment v-ri thin the Big Sioux Basin portion 
of these counties. Between 1976, which w~s the driest year 
in two decades, and 1980, 230 water licenses were granted 
for irrigation withdrawals from a ground water source in the 
two counties. All but a small percentage of the irrigation 
occurs adjacent to the Big Sioux River, it's tributaries, 
and in the glacial outwash plain between Aurora and V~lga 
where the greatest percentage of shallow ground water occurs. 
Shallow Ground Water Levels 
The shall.ow ground wat_er levels presented in this 
chapter have been determined from observation wells in the 
vicinal location of ~he heaviest irrigation occurence in the 
study area. The precipitation data presented in figures 15 
and 16 have been divided into three month totals for each 
year. 
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CHAPTER VIII 
CONCLUSION 
The Big Sioux River Basin ·in Brookings and Hamlin 
Counties contains a vast supply of shallow ground water. 
Natural factors have created a favorable physical environment 
for an equilibrium between localized recharge and discharge 
of the aquifers in which this water is found. 
These natural factors also have created a favorable 
economic environment for irrigation development. Shallow 
ground water found in highly permeable outwash sands and 
gravels in sufficient quantities can be easily withdrawn 
to supplement inadequate rainfall during the growing season 
for maximum crop production. Although there is no hard 
evidence that water "mining 11 is occurring in the study area, 
there is a growing . concern that if present trends continue in 
irrigation development, shallow ground water supplies could 
be seriously threatened. 
Therefore, proper planning techniques must be employed 
~ot only to insure the full development potential for irriga-
tion in the study ar~a, but also to safeguard the right of 
the non-irrigator to an adequate supply of uncontaminated 
water. South Dakota law establishes rigid standards for the 
beneficial use of ground water supplies to protect the 
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quantity and quality of those supplies for public non-
agricultural use. Because the parameters of ground water 
are difficult to determine, the public usually has a poor 
perception of this resource. Thus, the planning process must 
incorporate conservation and public education of ground 
water resources with the development of those resources. 
This creates a need for primary, descriptive data to provide 
a foundation upon which decisions concerning these elements 
of the planning process can be made. 
Future shallow ground water studies should include: 
1. A comparison of ground water levels in an un-
developed portion o£ the Big Sioux River Basin with those 
in a heavily developed portion; 
2. A comparison of the pumping rates of irrigation 
systems during a dry growing season to rates during average 
and wet growing seasons; 
3. A study of· public perception of irrigation 
development in a localized area; 
4. A .study of municipal withdrawals from ground 
water sources in an area of intensive irrigation development; 
5. A· study of evapotranspiration rates and their 
effect on shallow ground water levels. 
It is hard to imagine th~ "well running dry" in 
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Brookings and Hamlin Counties. This attitude tends to give 
rise to the general assumption which can be expressed as, 
"Why plan now? It.' s raining!" 
It is the author's desire that the information pro-
vided hereiri acquaint the public with some of the parameters 
of shallow ground water in the Big Sioux River portion of 
Brookings and Hamlin Counties thereby adding to the descrip-
tive and an~lytical data base for future ground water 
development planning. 
GENERAL BIBLIOGRAPHY 
Books 
Brown, R. H.; Konoplyantsev, A. A.; Ineson, J.; and 
Kovalesky. Ground Water Studies: An International 
Guide for Research and Practice. Paris: The Unesco 
Press, 1975. 
Daugherty, Richard. 
Volume 2. 
Science in Geography, .Data Collection, 
London: Oxford U~iversity Press, . 1974. 
Da\-rson, John A. Evaluating the Human Environment. New York: 
St. Martin's Press, 1973. 
Gray, Donald M. Handbook on the Principles of Hydrolog}. 
Secretariat, Canadian National Committee for the 
International Hydrological Decade, ·1970. 
Hall, Warren A. and Dracup, John A. Water Resources 
Engineering. 2d ed., New York: McGraw-Hill, 1951. 
Haring, L. Lloyd and Lounsbury, John F. Introduction to 
Scientific Geographic Research. 2d ed., Dubuque, 
Iowa: Wm. c. Brown Company Publishers, 1975. 
Houk, Ivan. ~rriaation Engineerinq. Volume 1. New York: 
John Wiley & Sons, Inc., 1951. 
Krizek, Raymond J~. , and Mosanyi, Emil F. Water Resources 
Instrumentation: Data Acquisition and Analysis. 
Volume 2. Ann Arbor, ~lichigan: Publishers for 
International Water Resources Association, 1975. 
Linsley, Ray K. and Franzini, Jose~h B. 
Engineering, 2d ed. New York: 
Water Resources 
McGraw-Hill, 1972. 
McCullagh, Patrick. Science in Geography~ Data Use and 
Interpretation, Volume 4. London: Oxford University 
Press, 1974. 
Theakstone, W. H. and Harrison, c. 
graphical Data. London: 
Books, 1970. 
The Analysis of Geo-
Heinemann Educational 
Thomas, Harold Edgar. The Conservation of Ground Water. 
New York: McGraw-Hill, 1951. 
Thornthwaite, C. W. and Mather, J. R. Instructions and 
Tables for Computing Potential Evapotranspiration 
arid the W~ter Balance. Volume X Number 3. 
Centerton, New Jersey: Drexel Institute of Tech-
nology, Laboratory of Climatology, 1957. 
Todd, Keith Da.vid. Ground Water Hydrology. New York: 
Wiley, 1959. 
Ward, R. c. Principles of Hydrology. New York: McGraw-
Hill, 1969. 
Public Documents 
99 
South Dakota Crop and Livestock Reporting Service. South 
Dakota Agriculture, 1975. Sioux Falls, South 
Dakota: South Dakota Crop and Livestock Reporting 
Service, 1976. 
South Dakota Department of Natural Resources Development. 
South Dakota Water Plan. Pierre, South Dakota: 
Division of Resource Management, 1978. 
United States Department of the Interior, Bureau of Reclam-
ation. Appraisal Report on Castlewood-Estelline 
Area. Huron, South Dakota: Missouri-Oahe Projects 
Office, November 1976. 
United States Geological Survey and National Aeronautics and 
Space Administration. Remote Sensing of Hydrology 
in Eastern South Dakota. Brookings, South Dakota: 
Remote Sensing Institute, South Dakota State Univer-
sity, 1979. 
Bulletins 
South Dakota State Geological Survey. Mineral and Water 
Resources of South Dakota. Bulletin Number 16. 
Vermillion, South Dakota: Science Center, Univer-
sity of South Ddkota, 1964. 
United States Department of Agriculture. Basis of South 
Dakota Water Law. Brookings, South Dakota: Cooper-
ative Extension Service, South Dakota State Univer-
sity, 1976. 
United States Department of Agriculture. Eas~ern South 
Dakota Ground Water Suppli§ s. Brookings, South 
Dakota: Cooperat~ve Extension Service, South 
D~kota State University. 
100 
United States Department of Agriculture. How Wells Affect 
Shallow Glacial Ground-Water Sucplies in South Dakota. 
Brookings, South Dakota: Cooperative Extension 
Service, South Dakota State University. 
United States Department of Agriculture. Obtaining a Water 
Right. Brookings, South Dakota: Cooperative 
Extension Service, South Dakota State University. 
United States Department of Agriculture. Soils and Irrigation 
Management. Brookings, South Dakota: Coope~ative 
Extension Service, South Dakota State University. 
United States Department of Agriculture. Our Land and Water 
Resources Current and Prospective Supplies and Uses. 
Washington, D.C.: U.S. Government Printing· Office, 
1974. 
United States Department of Agriculture. Water Resource~ 
for Aariculture Will the Well Run Diy?. Washing-
ton, D.C.: U.S. Government Printing Office, 1975. 
United States Department of the Interior. Ground Water. 
Washington, D.C.: u.s. Government Printing Office, 
1979. 
Maps 
South Dakota Water Resources Commission. Surface and Ground 
Water Sources and Irrigation Develooment. Pierre, 
South Dakota: South Dakota Water Resources Com-
mission, 1969. 
United States Department of Agriculture, Soil Conservation 
Service. Soil Associations of South Dakota. 
Brookings, South Dakota: Agriculture Experiment 
Station South Dakota State University, 1971. 
United States Geological Survey. Hydrologic Unit Map--1974 
State of South Dakota. Reston, Virginia: U. s. 
Geological Survey,. 1976. 
United States Geological Survey. Watertown. Reston, Virginia: 
U. S. Geological Survey, 1953. 
